INTRODUCTION
The vespid wasp family Vespidae from the order Hymenoptera, is rich in species diversity and wide in distribution. The family contains more than 4200 species belonging to 6 subfamilies, representing different level of social organizations. Three subfamilies (Eumeninae with 3000 species; Polistinae, 800 species; Vespinae, 60 species) constitute more than 90% of total species and are widely distributed around the world. The other three subfamilies (Euparagiinae, 9 species; Stenogastrinae, 50 species; Masarinae, 250 species) have relatively restricted distributions in subtropical and tropical regions (Carpenter 1991) .
Despite of the great diversity and wide distribution, the family is poorly studied in Central Asia, including Mongolia. There are 101 species of vespid wasps that have been recorded in Mongolia, which belong to 26 genera and 4 subfamilies (Buyanjargal 2016; Fateryga 2017). Besides faunal investigation, there are often needed biological and ecological studies on particular species or community for understanding of life history strategies of vespid species. In temperate region, as well as in boreal region like Mongolia, insect activity occurs only in a limited period of the year when physical environment are most favorable for development and reproduction (i.e. growing season). According to Wolda (1988) , the phenology of adult flight refers the temporal distribution of the flight. Flight phenology of temperate vespid wasps are well studied specially in Europe for social (Archer 1990 Purpose of the present study is to provide general pattern of flight phenology of the northern Mongolian vespid species. and to determine their phenological characteristics. Moreover, the sampling dates were used as a circular data, in other words, days of a year may represent circular scales of measurement, where a year is divided into 365 equal intervals, called day, but where the designation of January 1st as the zero or starting point is arbitrary. One day of a year corresponds to 0.98° of a circle (i.e., 360/365), and 1̊ of a circle corresponds to 1.01 days of a year. The days measured on a circular scale were converted to angular directions. Dispersion in the angular data, measured by r-value (Zar 1999) , used for determining of general tendency of wasp flight periods. The r-value has no units and it may vary from 0 to 1. Values close to 0 indicate that the probability of occurrence is the same in any unit of time of the year and values close to 1 indicate that all species occur in the same period of the year. The r-value calculated only on the temporal data of 2015, in which same sampling technique and intervals were used. Previously described circular analysis was done using NCSS11 Software.
MATERIAL AND METHODS

RESULTS
Flight phenology of 41 vespid species in northern Mongolia were determined by first summarizing the adult flight activity for every decade of the month using the combined data set (Appendix 1). Depending on overlapping periods of the flight, all species were divided into four phenological groups: summer species, late-summer species, summer-early autumn species and multi-seasonal species (Table 1) . Flight periods of summer species began in I, II or III decade of June. However, flight onsets of male and female wasps of the same species are often differed. For instance, the males of Ancistrocerus rufopictus flew 10 days before the females, whereas the females of A. oviventris flew 20 days before the male. The ending periods of the adult wasps in this group occurred in August.
Late-summer species group includes only six species that have a very short flight period, i.e. 50-70 days, which were started in the beginning of July and terminated around the end of August or beginning of September, except for the females of A. parietum that flew until middle of September. The male individuals of these species began to fly 10-20 days before the females, except for Symmorphus lucens, which exhibited similar flight period for both sexes.
Eight solitary species of summer-early autumn species are generally appeared in the second decade of June, and their flight continued to early or middle of September. Therefore, the total duration of their flight ranged from 80 (Symmorphus crassicornis) to 110 days (Eumenes mongolicus). The flight onsets of both sexes of these two species were almost in the same period of time, but ending periods were differed.
The multi-seasonal species group includes eight social and six solitary species. Main feature of the species is prolonged flight duration (110-150 days) from May to lateSeptember. Generally, the worker individuals of social wasps emerged 25-30 days after the females appeared (Appendix I).
In addition to the seasonal flight period differences, the four groups differed from each other with adult flight duration (F= 16.3, p< 0.0001) (Fig.1) .
The r-value for flight period of each species, which were captured in 2015, is shown in Table 2 . All species have high probability to fly in constant period of time during growing season (r~1) ( Table 2 ). The flight period can be expressed using the mean direction of flight periods, which is calculated from converted angular data of raw recording dates for each species (Fig. 2) .
Figure 2. Circular diagram for flight activity of vespid wasps in northern Mongolia in 2015 (with the first day of each month shown)
From the mean direction of the recorded periods, the most diverse vespid wasp flight occurs in the middle of June to early August. In other words, all 34 vespid species in northern Mongolia, which were recorded in the growing season of 2015, can be active in the same period of time (Fig. 2) .
However, from the range of the flight periods (Appendix I), the first flight of the wasps recorded in early May for V. germanica, but in the late September, only few species namely V. germanica, P. nimpha, V. vulgaris, E. mongolicus remained as active.
DISCUSSION AND CONCLUSIONS
Flight phenology of vespid wasps in northern Mongolia is characterized as short lasting between early-May to late-September, and primarily related with biology of particular species and local environmental conditions. The first yearly flight and flight duration of each species is influenced by the life history stage that overwinters (Scott & Epstein 1987) . Social vespid wasp species overwinter as an adult stage; whereas, solitary species overwinter as the last instar of larva. Flight activity of female social wasps began in May shortly after the weather conditions became favorable. However, during that period, the solitary wasp species undergoes development of larval and pupae stages, the duration of which also differed by species, before emerging as adults. Consequently emergence of adult solitary species and onset of their flights are occur later than in social wasps. Moreover, the longest flight period (120-150 days) was observed for the social wasps, such as V. germanica and P. nimpha, a result of earlier emergences and longer lifespan. However, the flight duration of these species are much shorter than those in Flight activity of each species is also influenced by biological features defined by local environmental conditions, such as temperature and humidity, especially in spring and autumn. Generally, insect phenology largely depends on local environmental conditions (Reeve 1991; Forrest & Thomson 2011) . In Mongolia, local environmental conditions are often influenced by topology (Jambaajamts 1989) . Moreover, Mongolia is characterized by an extremely continental climate with high ranges of diurnal and annual air temperatures and deficiency of precipitation. In other words, Mongolian vespid wasp populations inhabit ecosystems with extreme and highly variable weather conditions with diverse topology.
These climatic conditions result in a very short average vegetation growth period of 90 to 120 days (Yunatov 1977 ). This short vegetation period, possibly, reflects on the insect flight phenology and number of generation per year. The vespid species of Mongolia are possibly univoltine (one colony cycle per year) for social wasps. In addition, seasonal variation of resource availability, such as feeding plant flowering or provisioning prey activity often plays an important role in insect phenology, and their activity should be synchronized with the resources for survivorship (Wcislo 1987; Forrest & Thomson 2011) .
It is very important to understand inhabitation and adaptation of the species in the highly extreme environment, like in Mongolia. To gain greater insights into the Mongolian vespid wasps, further studies should consider assessing population dynamics of the vespid species through the flight periods and determining number of generations per year. 
